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A pcpt ide compr is ing  amino  acids 323 339 o f  ch icken ova lbumin  is known to b ind  to two  heterod imer ic  ~onformat ions  o f  the  MHC molecu le  IA  ~. 
and  to each o f  its separate  ~x- and ,B-chains. We repor t  that  minor  C-  and  N- termina l  t runcat ions  oF the parent  pept ide  do  not  a l te r  the  b ind ing  
pattern.  A decrease in b ind ing  act iv i ty  was  observed upon de le t ion  o f  the h is t id ine  res idues o f  the  aheady  t runcated  pept ides .  Pept ides  as shor t  
as 4 amino  ac ids  ass,~ciate weak ly  w i th  all  four  prote ins .  
Ant igen  presentat ion ;  T -He lper  l ymphoc  .,re 
1. iNTRODUCTION 
Class  l I  mo lecu les  o f  the  major  h i s tocompatab i l i ty  
complex  (MHC)  present  ant igen ic  pept ides  to  CD4 ÷ 
T-ce l ls .  They  cons is t  o f  an ~o and  ] / - cha in  o f  about  30 
kDa each .  Two var iab le  domains  o f  each  cha in  shape  
the  pept ide  b ind ing  site. The  pept ides  are  thought  to  
b ind  in a c left  between two para l le l  ~-he l i ces  on  top  o f  
a f lat p la t fo rm o f f l - s t rands  [l]o It  has  been  shown that  
the  separate  0t- and  f l - cha ins  independent ly  b ind  the 
same pept ides ,  a l though the  two  cha ins  may or  may not  
b ind  ident i ca l  amino  ac id  residu(:s in the  pept ides  ~2,3]. 
One  g iven  MHC molecu le  rrta) b ind  a var ie ty  o f  pep-  
t ides,  and  one  g iven  pept ide  may tf ind to  d i f fe rent  MHC 
molecu les  [4]. A wel l  invest igated  sys tem concerns  the  
in teract ion  o f  the  mur ine  c lass  I I  mo lecu le  IA  d and  the  
ch icken  ova lbumin  f ragment  compr /s ing  amino  ac ids  
323-339  (Ova(323-339) .  A hexapept ide  V-~27-H-A-A-H - 
A has been  ident i f ied  to  be  essent ia l  for  T -ce l l  recogn i -  
t ion  [5], and  it has  been  found that  va l ine  327 and  
h i s t id ine  328 b ind  to IA  d, whereas  h i s t id ine  331 is essen-  
t ial  fo r  T -ce l l  ac t ivat ion  [6]. Here  we repor t  that  pep-  
t ides  composed  o f  on ly  four  amino  ac ids  b ind  weak ly  
to  both  cha ins .  The  in t roduct ion  o f  one  h i s t id ine  res idue  
,4bt,reviationa, MHC.  major la istocomptubi; i*y complex ;  F ITC ,  f luo- 
rescein i so th iocyanate :  F -OVA(n-y) ,  F IT t - lab¢ lcd  pept ide  f ragments  
o f  ch icken ova lbumin  compr is ing  amino  ac ids  x to y; TFA .  t r i f luoro-  
acet ic acid.  
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is su f f i c ient  fo r  s t rong  b ind ing  to  each  o f  the  two  cha ins  
o f  IA  d . 
2. MATERIALS  AND METHODS 
1A d was  pur i f ied by aff in i ty chromatography  as  descr ibed  [5]. A f te r  
e lu t ion  the  samples  were  d ia lyzed  36 h in 2 mM dod~ylo~-D-mal to -  
side, 10 mM Tr i s /HC I ,  pH 8.3, 150 ml~ Naf l ,  0 .02% NAN;.  Th is  
buf fer  was  used for  ai i  fu r ther  steps un less  ind icated  otherwise .  To  
increase the pept ide  b ind ing  ¢a) ,adty  [7] the  d isu l f ide  bonds  o f  IA  d 
were  reduced  by incubat ing  |A  ° for  1 h at  37°C w i th  10 mM d i th io -  
thre i to l  to  reIease co -pur i fy ing  pept ides .  The  samples  wet~ then  re- 
ox id ized  by d ia lys is  for  18 h in a i r - sa turated  buf fer  us ing  9DC D iaCeU 
d ia lys i s  capsu les  ( Ins t rumod.  Un ion  Br idge,  MD) .  The  :-educed and  
re -ox id ized samples  were then incubated  w i th  50 mM o f  the  des i red  
pept ide  for  2 h at 37°C. They  ~ver¢ app l ied  to  5DS-PAGE omi t t ing  
bo i l ing  and  reduct ion  [2]. P r io r  to  f ixat ion  the  gels  were  scanned for  
fluorcsceJat pept ides  on a f luorescence mic roscope  as descr ibed  [2]. 
Ge ls  were s ,a ined  w i th  s i lver  and  scanned for p ro te ins  on an LKB 
O l t roScan  XL  !aser scanner .  The  prote in  concent ra t ion  was  ! .0 /zg /  
lane.  
Pept ide  C - te rmina l  carboxy la t¢  or  carboxamide  der ivat iv¢~ were  
synthes ized  on a P,~illigen 9050 pept ide  synthes izer  us ing  Pepsyn KA 
or  Pepsyn  KB so l id  suppor t  and  F iOC-protected  amino  acid:~. Pep-  
t ides were de-protected  by TFA and  rev~rs~ phase  HPLC-pu i  ifiocl 
us ing  l inear  g rad ient  e lu t ion  (Buf fer  A: 0.1t~ TFA;  BuIT~ B: 0.1q~ 
TFA in 70% aqueous  acetoni t r i le) .  Lyoph i l i zed  pept ides  were  labe led 
w i th  f luorescein on  the N- termina l  amino  group  or  the eps i lon  amino  
group  o f  lys iu res idues hy react ion  wi th  an  excess o f  F ITC  in d i~tethy l -  
su l fox ide  in the pres¢,xce o f  d i i sopropy le thy lamine .  F iuore:~zeinated 
pept ides  were prec ip i ta ted  wi th  ethy l  acetate ,  washed,  dr ied,  redissolv-  
ed in 0. i % TFA and  I - /PLC pur i f ied,  as  descr ibed  above.  
3. RESULTS AND DISCUSSIOn,  
The  top  pane l  o f  F ig .  1 shows  a s i l ver  s ta ined  SDS gel  
o f  the  lA  d preparat ion  us~!  for  all exper iments  de-  
sc r ibed  here.  The  re la t ive  concent ra t ions  of" the  hetero -  
d imer ic  cop i~rrnat ions ,  f loppy  and  compact ,  and  o f  the  
separate  nt- and  f l - cha ins  were  f loppy .compact :0 t -  
cha in :p -cha in  =- 0.7" 1:0.3:0.'25. The  lower  pane ls  o f  F ig .  
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Fig. 1. (Upper panel) a silver stained SDS gel of !~ ~. (Lower panel) 
-cans fo~ fluore~",cmated pcptides bound to the proteins. Sedans are 
",hown for (a) the parent peptide F-Ova(323-339) and (b) the truncated 
~-~ptides F-Ova(323-328). (c) F-Ova(3~g--326). (d) F-GA2HA and (e) 
F-(gA4. Soc Table 1 for detailed scqucng, s of the pcptides. The hetero- 
,dimeric conformations floppy (F TM, ~c.nF~c, (C) and the separate ~- 
and ~-chains are indicated. Th2i7 " ~r..~.~ molecular weights arc 55, 
64. 33 and 27.~ , ~'a. r~,~pectively. 
! shows  scans  o f  th is  gel fo r  me fo l low ing  f luorescent  
pcpt ides  bound to  these conformat ions :  the parent  pe F- 
t ide,  F -OVA(323-339)  (a) see Tab le  I, f irst l ine for  the 
sequence) ,  the t runcated  pept ides  F -OVA(323-328)  (b) 
and  F -OVA(323-326)  (c), and  the pept ides  F -G-A-A-H-  
A (dL and  F -G- (A)4  (e). Tab le  I l ists all pept ides  em-  
p lo )ed  and  the re lat ive  pept ide  capac i t ies  o f  f loppy,  
compact  and  the separated  cha ins .  The  relat i , ,e b ind ing  
capac i ty  is d©fincd by  the quot ient  o f  the re lat ive f luo-  
rescence in tens i ty  o f  a par t i cu la r  pept ide  a~oc ia ted  w i th  
one  o f  the  conformat ions  o f  IA  d. and  o f  the re lat ive  
concent ra t ion  o f  th is  par t i cu la r  conformat ion .  The  
b ind ing  capac i ty  o f  compact - to -F -Ova(323-339)  was  set 
at  !.0. 
it  is ev ident  that  long  pcpt ides  b ind  bet ter  to  the 
compact  conformat ion  as compared  to the f loppy  co, l -  
fo rmat ion  or  the separate  cha ins .  Compact  b inds  the 
parent  pept ide  F -Ova(323 339), the N- termina l ly  t run-  
cated  pcpt ide  F -Ova(325-339)  and  the C - te rmina l ly  
t runcated  pept ide  F -Ova(323-333)  about  3 -5 - fo ld  bet-  
ter, as compared  to  f loppy  or  the separate  cha ins .  Fur -  
ther  t runcat ions  on  both  the C-  and  N- terminus  led to 
a lmost  equa l  b ind ing  to  all con format ions  (see F-  
Ova(323 330) and  F -Ova(329-339)  and  fu r ther  t runca-  
t ions) .  One  poss ib le  exp lanat ion  is that  f loppy  might  be 
a conformat ion  where  the  conserved  tz2 and  f12 domains  
are  sti l l  assembled ,  but  w i th  d i sassembled  0tt and  fll 
domains  wh ich  fo rm the b ind ing  site. Compact  might  
be a conformat ion  wi th  assembled  n,~ and  ~, domains ,  
thus  the two  h is t id ine  b ind ing  sites o f  the cz- and  the 
/ / - cha in  wou ld  be in  suf f ic ient ly  c lose d i s tance  a l low ing  
for  b ind ing  o f  two  h is t id ine  res idues f rom one  pep,  ide. 
Th is  shou ld  yield s lower  o f f - rates  and  consequent ly  
show h igher  amounts  o f  assoc ia ted  pept ide .  F loppy .  
w i th  d i s tant  b ind ing  sites, wou ld  b ind  two  h is t id ine  
res idues  f rom d i f fe rent  pept ides  independent ly ,  and  
thus  k inet i ca l ly  behave  l ike the separate  cha ins .  
T runcat ions  down to  the pept ide  F -Ova(331-339)  
and  F -Ova{323-326)  d id  P.ot complete ly  abrogate  b ind-  
ing  to both  heterod imer ic  on format ions  or  to both  
separated  cha ins  a l though these pept ides  lack 1he amino  
ac ids  va l ine  327 and  h is t id ine  328 found to  bc necessary  
fo r  b ind ing  pept ides  to  IA  d in compet i t ion  exper iments  
[6]. However ,  in compet i t ion  exper iments  a ,  t rong  b ind-  
ing  pept ide  may d isp lace  a weak  b ind ing  pcpt ide  quan-  
t i tat ive ly  depend ing  on  the ra t io  o f  the i r  d i ssoc ia t ion  
constants .  In  cont ras t ,  in our  exper iments  atl pept ides  
are  o f fered empty  MHC molecu les  in the absence  o f  
compet i to rs .  Thus  even  weak ly  b ind ing  pept~des may be 
detected  assoc ia ted  wi th  IA  d. as long  as the i r  o f f - rates  
are  s low enough,  i r respect ive  o f  the i r  d i ssoc ia t ion  con-  
s tant .  It  cou ld  be argued that  the f luoresce in  group  is 
respons ib le  for  the observed  b ind ing  o f  labe led pept~des 
to IA  a. Th is  can  be exc luded because  all pcpt idcs  em-  
p loyed  here  are f luoresce in  labeled but  show d is t inct  
b ind ing  pat terns .  Even  the shor test  l~'pt ides employed  
here there fore  d issoc ia te  wi th  s low of f - rates  as they 
cou ld  be detected  by  a techn ique  o f  cons iderab le  s low 
t ime reso lu t ion .  We there fore  surmise  that  they in teract  
s imi la r ly  w i th  IA  d as the parent  pept ide.  Thus ,  i f f luores -  
celn wou ld  b ind ,  one  wou ld  expect  all pept ides  to ex- 
h ib i t  the same b ind ing  p:attern. 
Even  the four  amino  ac id -pept ide  F -Ova(323-326} 
and  F -GA 4 bound to all four  conformat ions .  Th is  result  
suggests  that  e i ther  the po lypept ide  backbone o f  pept ide  
in teracts  w i th  the MHC b ind ing  site [8]. o r  that  both  
cha ins  bear  weak  a lan ine  b ind ing  sites, as all pept ides  
invest igated  here share  on ly  one  a lan ine  res idue.  Ma jor  
cont r ibut ions  o f  A 332 and  v "327 b~-side h i s t id ine  in the 
in teract ion  o f  Ova(323-339,  arid IA  a have  been propos -  
ed [6]. The  presence  o f  a h i s t id ine  res idue increases  the 
amount  o f  pept ide  assoc ia ted  wi th  all heterod imer ic  
") .<~ 
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Table I 
Relative biliding capaci;ies of peptides to different conformations of 1A d 
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F C ~ p 
F ITC  I S O A V H A A  H A E i ~E  A 3[{ - O H  
F ITC  = I ,~ 0 A V H A A H ~ E : ' -?~H 
F!TC-  " I S Q .h V H A h " -F2H 
I ' : T<~-"  '= S O k V H - -NH.  
F ITC  ";T S Q A ' "  -tqH. 
Ac  ~ Q A V H A A H , h E  I ~]EAGK"  ' {F ITC) -OH 
Ae-  'A A H A E I -%" E A <~ K ' : '  (Z ITC} -OH 
Ac- ' '  H A E  I ~ E A G K  ~;" {F ITC)  -OH 
F!TC-G A A H A-OH 
F ITC-G A A H A-OH 
0.22 1.0 0.21 0.26 
0.I 1 0.31 0.05 0.1)6 
0.09 0.08 0.08 0.08 
0 . t4  0.15 0.14 0.13 
0.03 0.03 0.06 0.04 
0.08 0.51 0.13 0.14 
0.06 0.08 0.12 0.13 
0.13 0.08 0.05 0.06 
0.34 0.23 0. "- 9 0. ! 8 
0.05 0.04 0.02 0.06 
The  _sequences o f  the parent  pept ide  F -Ova  (323-339)  and  its der ivat ives  employed  here are  shown.  L is ted next to  the sequences  i  the i r  re lat ive  
b ind ing  capac i ty  to the d i f ferent  conformat ions  o f  IA  d. 
conformat ions  and  separate  cha ins  o f  IA  d by  an  average  
fac tor  o f  5 (Tab le  I). The  two  h i s t id ine  res idues  328 and  
331 have  a l ready  been  shown to  p lay  c ruc ia l  ro les  in 
pept ide  b ind ing  to  IA  ~ molecu les  and  in t r igger ing  T -ce l l  
ac t ivat ion  [5,6]. Here  we found enhanced  b ind ing  o f  the  
h i s t id ine -conta in ing  pept ides  to  both  heterod imer ic  
conformat ions  and  to  each  o f  the  separate  cha ins .  Th is  
suggests  that  each  o f  the  separate  cha ins  conta ins  a 
h i s t id ine  b ind ing  site. The  pept ide  F -Ova(331-339)  
shov 'ed  a b ind ing  pat tern  comparab le  to  such  pept ides  
lackinl~ h i s t id ine ,  but  has a h i s t id ine  res idue  as  its N -  
te rmina l  end .  There fore  we suppose  that  h i s t id ine  w i th  
a f ree or  acety la ted  amino  te rminus  may not  be  suff i -  
c ient  fo r  s t rong  b ind ing ,  but  a sequence  "X-H is"  is neces -  
sary.  
In summary ,  we  tentat ive ly  suggest  a th ree-s tage  
mode l  fo r  the  b ind ing  o f  pept ides  to  MHC molecu les .  
The  first s tage  is the  recogn i t ion  o f  e i ther  the po lypep-  
t ide  backbone  er  o f  not  very  prominent  amino  ac id  s ide 
cha ins ,  such as the  methy l  g roup  o f  a lan ine .  In  add i t ion  
there  a re  spec i f ic  b i t td ing  s i tes fo r  s ide cha ins  wh ich  are  
more  c,. " racter is t ic ,  such  as X -H is  in our  case  or  ty ro -  
s ine fo r  HLA-DRI  [8]. Such  d i s t inc t  b ind ing  sites may 
cont r ibute  cons iderab ly  to  spec i f i c i ty  and  to  the  b ind ing  
energy ,  and  lower  the  o f f - ra tes .  Spec i f i c i ty  is fu r ther  
enhanced  by b ind ing  o f  long  pept ides  to  the  compact  
conformat ion .  "l'his type  o f  b ind ing  may resu l t  f rom a 
summat ion  ovar  m-ny  s t rong  and  weak  cont r ibut ions  
to  the  b ind ing  f ree energy .  Th is  in terpreta t ion  may ex-  
p la in  the  we l l -documented  c ross - react iv i ty  o f  pept ides  
b ind ing  to  MHC molecu les  [4] by  assuming  that  not  al l  
poss ib le  in teract ion  s i tes o f  yept ide  and  MHC have  to  
be  occup ied  fo r  observ ing  b ind ing  or  compet i t ion .  The  
complex  b ind ing  pat tern  a l lows  b ind i t Jg  o f  mere ly  re la t -  
ed  pept ides  wh ich  may or  may not  induce  s t{mulat ion  
o f  T -ce l l s .  
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